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Neurologic complications as a consequence of
thoracoabdominal aortic aneurysm repair continue
to plague aortic surgeons. Because neurologic
deficits are caused by multiple factors, we believe
that they are best avoided by a multimethod
approach.1 This approach in our service includes
reimplantation of intercostal arteries in conjunction
with adjuncts, sequential clamping, and moderate
hypothermia. Although some studies have ques-
tioned the wisdom of intercostal artery reattach-
ment2,3 and some have gone so far as to advocate
ligation of all intercostal arteries,4 the majority favor
reimplantation.5-20 Controversy surrounds reim-
plantation artery selection and technique with the
implications of reattachment, occlusion, and ligation
of specific vessels being little understood. Methods
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Purpose: We studied the relationship of neurologic deficit to ligation, reimplantation, and
preexisting occlusion of intercostal arteries to determine which arteries and consequent
management are most critical to outcome in thoracoabdominal aortic aneurysm repair.
Methods: From February 1991 to July 1996, 343 patients with thoracoabdominal aortic
aneurysms underwent repair by one surgeon. In this study, only Crawford types I, II,
and III (n = 264) were considered. Of these, 110 (42%) were type I, 116 (44%) type II,
and 38 (14%) type III. The adjuncts of distal aortic perfusion and cerebrospinal fluid
drainage were used in 164 patients (62%). Data were analyzed by contingency table and
by multiple logistic regression.
Results: Early neurologic deficit occurred in 23 patients (8.7%), and late deficit in 10
patients (3.8%). Neurologic deficit in patients with at least one reimplantation and no
ligation of arteries T11 or T12 occurred in 19 of 147 (12.9%). Neurologic deficit for
occlusion of the same arteries occurred in 11 of 111 (9.9%), whereas for ligation of T11
and T12 neurologic deficit occurred in three of six (50%; reimplantation, p < 0.03; occlu-
sion, p < 0.006). In addition, reimplantation of intercostal arteries T9 or T10 was sig-
nificantly associated with reduced late neurologic deficit in multivariate analysis (p =
0.05). No other intercostal artery status was associated with modification of the neuro-
logic deficit rate. Multivariate analysis showed type II aneurysms and acute dissections
to be significantly associated with an increased risk of postoperative neurologic deficit (p
< 0.0009, 0.002, respectively). Adjuncts were protective (p < 0.007), most often in types
II and III (14.1% neurologic deficit in type II with adjunct, 35.3% without; 0% in type
III with adjunct, 20% without).
Conclusion: Patients with patent arteries at the T11/T12 level have highly variable out-
comes depending on whether the arteries are reattached or ligated. Our data suggest that
reimplantation of thoracic intercostal arteries T11 and T12 is indicated when these
arteries are patent. Reimplantation of T9 and T10 lowers the risk of late neurologic
deficit, probably by decreasing the spinal cord’s vulnerability to changes in blood and
cerebrospinal fluid pressure in the days after surgery. Adjuncts lower overall risk and
provide adequate time for targeted intercostal artery reimplantation. (J Vasc Surg
1998;27:58-68.)
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have varied in relation to surgical techniques;
whether simple cross-clamping or surgery accompa-
nied by adjuncts.
This study is a historical cohort study and was
conducted to evaluate the influence of the selection
and management of intercostal arteries T7 through
T12 on the incidence of neurologic deficit. We
prospectively documented the arteries occluded, lig-
ated, or reattached during thoracoabdominal aortic
aneurysm repair and assessed the relationship of each
to previously identified risk factors in the develop-
ment of neurologic deficits. Only Crawford types I,
II, and III (n = 264) were considered because type
IV thoracoabdominal aortic aneurysms do not
involve all of the thoracic intercostal takeoffs.
Likewise, descending thoracic aortic aneurysms were
not included.
MATERIALS AND METHODS
From February 1991 to July 1996, 343 patients
with thoracoabdominal aortic aneurysms underwent
repair by one surgeon (HJS). Of these patients, 110
of 264 (42%) were type I, 116 (44%) type II, and 38
(14%) type III. The Crawford classification for tho-
racoabdominal aortic aneurysms includes types I
through IV. Type I extends from below the left sub-
clavian artery to above the celiac axis, or opposite
the superior mesenteric artery and above the renal
arteries. Type II extends from below the left subcla-
vian artery, includes the infrarenal abdominal aorta,
to the level of the aortic bifurcation. Type III
extends from the sixth intercostal space and tapers to
just above the infrarenal abdominal aorta to the iliac
bifurcation. Type IV extends from the twelfth inter-
costal space and tapers to above the iliac bifurcation,
does not include intercostal arteries T7 through
T12, and therefore was not included in this study.
One hundred sixty-one patients (61%) were male
and 103 (39%) were female, with a median age of 67
years (range, 8 to 88 years). Associated diseases were
hypertension in 205 of 264 (78%), heart disease in
72 (27%), renal insufficiency in 48 (18%), cere-
brovascular disease in 35 (13%), diabetes mellitus in
20 (8%), and cancer in 15 (6%). Eighty-five patients
(32%) had aortic dissection, 11 (13%) cases of which
were acute and the remainder chronic. Sixty-two
patients (23%) underwent prior proximal aortic
repair of the ascending aorta, arch, or both. Surgery
was elective for 244 patients (92%). After February
1992 distal aortic perfusion and cerebrospinal fluid
drainage were used in all patients in this study (164
[62%]), as was passive or moderate hypothermia, in
which nasopharyngeal temperature is permitted to
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drift downward between 34° C and 32° C.
Beginning in January 1994, we used heparin in all
patients.
Our surgical technique for thoracoabdominal
aortic aneurysm repair has been well described pre-
viously.6 Briefly, our multimethod approach of cere-
brospinal fluid drainage, distal aortic perfusion, and
intercostal artery reattachment was as follows. The
cerebrospinal fluid catheter was placed at L3 or L4
and advanced to 5 cm, maintaining a cerebrospinal
fluid pressure of 10 mm Hg or below.
Cerebrospinal fluid was drained during operation
and 3 to 4 days after operation, with the drainage
catheter reinserted if neurologic deficit developed
after this period. Distal aortic perfusion was typical-
ly conducted from the left atrium to the left femoral
artery using a Biomedicus pump. If catheter inser-
tion of the femoral artery was not feasible, the dis-
tal thoracic aorta or the upper abdominal aorta was
used for the outflow. If the left atrium could not be
cannulated because of previous operations or
anatomical reasons, the upper or lower pulmonary
vein was used as the inflow port. The descending
thoracic aorta above the clamp was used for inflow
on rare occasions.
Cross-clamping, illustrated in Figs. 1 to 3, was
sequential in the majority of cases, beginning in the
left upper third of the thoracic aorta. Proximal anas-
tomosis was performed after placing clamps distal to
the left subclavian and mid–descending thoracic
aorta with perfusion flowing to the lower intercostal
arteries, viscera, and lower extremities. The distal
clamp was then moved down on the aorta. Patent
arteries were demarcated by identification of unob-
structed openings. Fig. 4 illustrates the location of
the intercostal and lumbar arteries along the aorta.
Arteries were reimplanted, either individually,
directly to the graft, or together in patch to a side
hole cut into the graft. Occasionally, an artery was
not anatomically suitable for direct attachment and
was first attached to a 12 mm Dacron tube graft.
Patent arteries between T7 and T12 were ligated
under two conditions: when the aortic wall was pro-
hibitively fragile, as in patients with acute dissection
or rupture, or when heavy atherosclerosis or calcifi-
cation made suturing of the area hazardous.
Total clamp time includes all clamping from the
start of the sequence, with resection and anastomo-
sis of the proximal aorta, to visceral perfusion and
reattachment of (1) intercostal arteries followed by
(2) visceral reattachment, to the final distal anasto-
mosis. Reperfusion occurs in the final sequence for
both the reattached intercostal and visceral arteries,
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when the clamps are moved below the renal arteries
for the distal anastomosis. Clamps are not placed
below lower intercostal inclusion buttons with the
visceral vessel reconstruction. Clamp time obviously
represents two very different entities when describ-
ing a simple cross-clamp technique or when describ-
ing thoracoabdominal aortic aneurysm repair with
adjuncts. But for the sake of accurate comparisons, it
must be described in this way. The median aortic
cross-clamp time was 46 minutes (range, 8 to 131
minutes). With adjuncts the mean clamp time was
50.4 ± 21.0 minutes, without adjuncts it was 47.3 ±
21.3 minutes.
Univariate data were analyzed by contingency
table using the c2 statistic. Continuous variables
were divided into quartiles for use in contingency
tables. Intercostal arteries were stratified by location
(e.g., T7, T8) and by status (ligated, reattached,
occluded). Contingency table 2 ´ 3 c2 were com-
puted for each artery location using a two-level term
for neurologic status (deficit, normal) and a three-
level term for artery status.
Multivariate analysis was conducted using logis-
tic regression. Categorical variables were modeled in
the regression analysis using indicator coding. To
increase efficiency of the estimators, artery locations
were paired (T7 and T8, T9 and T10, T11 and
T12). Univariate analysis indicated that the out-
comes of individual arteries were comparable with
the outcomes of the pair sets, so that pairing could
be used to increase the sample size for the terms
used to model the arteries. A matrix of indicator
variables for the arteries was constructed with ele-
ments for each location pair and that pair’s status.
Artery pairs coded as occluded had both arteries
occluded. Pairs coded as reattached had at least one
reattached but neither ligated. Ligated pairs had at
least one ligated. Continuous variables used in mul-
tivariate modeling were kept continuous. Because of
the likelihood of significant covariance with artery
status, we deliberately avoided stepwise model selec-
tion in favor of extensive manual selection. The null
hypothesis was rejected at alpha < 0.05. All analyses
were performed using SAS software version 6.12.
Fig. 1. Sequential clamping. Proximal and mid–descend-
ing thoracic aortic clamp. Inset, Proximal anastomosis.
Fig. 2. Sequential clamping. Clamp is moved down on the
aorta, aneurysm is opened, visceral vessels are perfused,
intercostal arteries are occluded.
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RESULTS
The 30-day survival rate for 264 patients was
88%. Causes of death were ruptures of other seg-
ments of the aorta in four patients, multisystem
organ failure in eight, cardiac arrest in 14, strokes in
two, and renal failure in one. The rate of overall
(both early and late-occurring) neurologic deficit was
12.5% (33 patients). Early neurologic deficits were
observed in 23 patients (9%) and delayed deficits in
10 patients (4%). One hundred sixty-four patients
received adjuncts and 100 did not; deficits occurred
in 16 patients (16%) without adjuncts and in 17
patients (10.3%) who had distal aortic perfusion and
cerebrospinal fluid drainage. Adjunct use was most
effective in types II and III (neurologic deficit in type
II, 14.1% with adjunct and 35.3% without; type III,
0% with adjunct, 20% without). The rate of neuro-
logic deficit in type I aneurysms was 5.5% overall.
Type II aortic aneurysms and acute dissections were
significantly associated with an increased risk of post-
operative neurologic deficit (both p < 0.001). Table
I shows the incidence of neurologic deficit as it
occurred overall and within significant groups as
determined by univariate analysis.
Patients in whom thoracic intercostal arteries
T11 and T12 were occluded or reimplanted were at
significantly lower risk for neurologic deficit than
patients in whom those arteries were ligated (reim-
Fig. 3. Sequential clamping. Intercostal arteries and vis-
ceral vessels have been reattached to graft and proximal
clamp moved down on the graft. Distal anastomosis is
completed before withdrawal of clamps.
Fig. 4. Intercostal and lumbar arteries.
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plantation, p < 0.03; occlusion, p < 0.006). Patients
in whom arteries T11 and T12 were ligated had a
50% rate of neurologic deficit, as compared with
12.9% in those in whom they were reimplanted (at
least one of T11 and T12 reimplanted but neither
ligated) and 9.9% in those with arterial occlusion. In
addition, reimplantation of intercostal arteries 9 or
10 was significantly associated with a reduced rate of
late neurologic deficit (p = 0.05) but not early or
overall neurologic deficit. No other intercostal
artery status was associated with modification of the
deficit rate. The importance of T11 and T12 reim-
plantation is clearly shown in Table II and is further
illustrated in Fig. 5. Table III shows neurologic
deficit occurrence by artery status for arteries T9 to
T12 divided into early and late events.
In multivariate analysis, type II aneurysms and
acute dissections were significantly associated with an
increased risk of postoperative neurologic deficit, as
shown in Table IV (p < 0.0009, 0.002, respectively).
Use of adjuncts was protective (p < 0.007).
Reattachment of T11 and T12 had a beneficial effect
(p < 0.03) with an even greater significance attached to
the occluded native intercostal arteries T11 and T12.
Table I. Patient characteristics
No. of No. of Odds 95% 
Variable patients (%) neurologic deficits (%) ratio* CI† p‡
All patients 264 (100.0) 33 (12.5)
Age (yr)
8 to 57 70 (26.5) 6 (8.6) 1.03 0.99 to 1.07 0.16 (0.09)
58 to 66 72 (27.3) 6 (8.3)
67 to 72 62 (23.5) 12 (19.4)
73 to 88 60 (22.7) 9 (15.0)
Clamp time§ (min)
8 to 33 68 (26.0) 6 (8.8) 1.03 1.01 to 1.04 0.06 (0.003)
34 to 47 65 (24.8) 5 (7.7)
48 to 62 65 (24.8) 8 (12.3)
63 to 131 64 (24.4) 14 (21.9)
Female 103 (39.0) 11 (10.7) 0.76 0.35 to 1.63 0.47
Male 161 (61.0) 22 (13.7) 1
TAAA I 110 (41.7) 6 (5.5) 0.27 0.11 to 0.68 0.003
Otherwise 154 (58.3) 27 (17.5) 1
TAAA II 116 (43.9) 23 (19.8) 3.41 1.55 to 7.50 0.001
Otherwise 148 (56.1) 15 (6.8) 1
TAAA III 38 (14.3) 4 (10.5) 0.80 0.26 to 2.42 0.69
Otherwise 226 (85.7) 37 (12.8) 1
Acute
Dissection 11 (4.2) 5 (45.6) 6.70 1.92 to 23.38 0.001
Otherwise 253 (95.8) 28 (11.1) 1
Chronic
Dissection 75 (28.4) 10 (13.3) 1.11 0.50 to 2.46 0.80
Otherwise 189 (71.6) 28 (12.2) 1
Rupture 13 (4.9) 2 (15.4) 1.29 0.27 to 6.10 0.75
Otherwise 251 (95.1) 31 (12.4) 1
Emergency 20 (7.6) 5 (25.0) 2.57 0.87 to 7.62 0.08
Otherwise 244 (92.4) 28 (11.5)
Redo 12 (4.6) 0 (0.0) 0.00 — —
Otherwise 252 (95.4) 33 (13.1)
Adjunct 164 (62.1) 17 (10.4) 0.61 0.29 to 1.26 0.18
Otherwise 100 (37.9) 16 (16.0) 1
This paper (and therefore this table) reports only data for Crawford aneurysm types I, II, and III. TAAA, Thoracoabdominal aortic
aneurysm. Adjunct, Both cerebrospinal fluid drainage and distal aortic perfusion.
*For dichotomous variables, the odds ratio represents a test against a reference category whose referent odds ratio is equal to 1. For
continuous data, the odds ratio refers to the increase in odds associated with a one-unit increase in the variable value. This value can be
converted to an odds ratio for an N unit change in the variable by taking the natural logarithm of the odds ratio, multiplying this value
by the number of variable units desired, and taking the exponent of the product. Although continuous data are presented in quartiles,
the odds ratios are against the continuous variable.
†CI, Confidence interval. This reflects the units against which its companion odds ratio is computed. Confidence intervals are test-
based.
‡Probability of type I statistical error (common p value). Values without parentheses are Pearson c2 probabilities. Probability values in
parentheses are univariate logistic regression likelihood ratio p values.
§Data missing for two patients.
JOURNAL OF VASCULAR SURGERY
Volume 27, Number 1 Safi et al. 63
DISCUSSION
Anatomical studies have shown that the inter-
costal arteries are the source of the anterior
medullary arteries, the largest of which is the arteri-
al radicularis magna, or artery of Adamkiewicz,
which supplies the spinal cord.21-23 It occurs on the
left side in about 80% of patients between the T7
and L1 vertebral levels. Although the management
of intercostal artery reattachment differs, studies in
which adjuncts were used arrive at the same conclu-
sion—reattachment is of the utmost importance in
avoiding neurologic deficits. Although generally
believed to be an asset in the effort to avoid neuro-
logic deficits, in the era of “cross-clamp and go” the
time frame for performing reattachment was very
limited; within a certain time frame risk was
decreased, and beyond this the benefit was negat-
ed.2,19 Angiography has been explored as a preoper-
ative identifier,15,16 and during operation hydrogen
injection and sensory-evoked and motor-evoked
potentials have demonstrated effectiveness in inter-
costal artery identification.10-12,14
In our studies of cerebrospinal fluid drainage and
distal aortic perfusion, we found that total spinal
cord ischemic time could be extended, allowing us
to revisit the issue of intercostal artery manage-
ment.6,17 Our current study provides evidence that
reattachment of the thoracic intercostal arteries is
indicated when these arteries are patent. The benefit
of reattachment is greater in the lower thoracic
regions, specifically T9 to T12. Although based on a
small number of events (neurologic deficits), our
findings are corroborated by a study of different
patients by Svensson et al.8 That study approached
the problem with a different analytical strategy than
we did, in that they looked at proportion of patent
arteries reattached rather than at the location of the
arteries. However, Table IV of that paper shows
exactly the same phenomenon that we report: a risk
of neurologic deficit with arterial ligation that
increases with lower position on the thoracic spine.
We also divided neurologic deficit into early (on
awakening) and late (loss of neurologic function that
was intact on awakening) to investigate the potential
contributions of artery management to these differ-
ent types of outcomes. In univariate analysis we
found that only T12 was associated with early deficit
and that all the arteries from T9 and below were
associated with late deficit (Table IV). In multivari-
ate analysis, however, only T9 and T10 were persis-
Fig. 5. Percent of patients with neurologic deficit by inter-
costal artery and artery status. The lower the position of
the artery on the spine, the higher the risk of deficit if the
artery is ligated.
Table II. Incidence of neurologic deficit by artery and artery status
Intercostal Neurologic Ligated Occluded Reattached 
artery deficit    (%) (%) (%) p
7 Yes 7 (17.5) 23 (10.9) 3 (25.0) 0.21
No 33 (82.5) 189 (89.1) 9 (75.0)
8 Yes 2 (10.0) 25 (13.9) 6 (9.4) 0.61
No 18 (90.0) 155 (86.1) 58 (90.6)
9 Yes 2 (22.2) 24 (13.7) 7 (8.8) 0.36
No 7 (77.8) 151 (86.3) 73 (91.3)
10 Yes 2 (28.6) 17 (11.0) 14 (13.6) 0.36
No 5 (71.4) 137 (89.0) 89 (86.4)
11 Yes 3 (50.0) 15 (11.0) 15 (12.3) 0.02
No 3 (50.0) 121 (89.0)                           107 (87.7)
12 Yes 2 (66.7) 17 (11.7) 14 (12.1) 0.02
No 1 (33.3) 128 (88.3)                           102 (87.9)
Percents are percent neurologic deficit for each type of artery status. p value is for c2 for a 2 ´ 3 table.
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tently associated with late function, and no artery
management type was associated with early deficit.
The relationship between artery level and early ver-
sus late deficit onset is unclear at present. It is con-
ceivable that reimplanted T9 and T10 arteries may
improve spinal cord blood supply and reduce the
impact of postoperative blood pressure instability on
the spinal cord. We have only recently instituted the
practice of measuring blood pressure continuously
after surgery and so cannot comment on the role of
blood pressure in the origin of late-onset neurolog-
ic deficit in this series of patients.24
Ligation, reattachment, and occlusion of inter-
costal arteries obviously do not have the same sig-
nificance at every level of the aorta, and, as in past
studies, we again emphasize the importance of tho-
racoabdominal aortic aneurysm classification in
determining the results.25 Ligation of intercostal
arteries for type II thoracoabdominal aortic
aneurysms was significantly associated with an
increased risk of neurologic deficit. Adjuncts had a
protective effect, again, most significantly for type II
aneurysms. Least likely to have deficits were patients
with the chronic occlusion of intercostal arteries that
had presumably established collateral circulation.
Acute aortic dissection, with the most patent arter-
ies least likely to be reattached, was the most detri-
mental factor.
CONCLUSION
We found that the reattachment of a small num-
ber of specific arteries was of the greatest significance
in the prevention of neurologic deficit; in particular,
arteries T11 and T12. Furthermore, we believe that
reimplantation of T9 and T10 lowers the risk of the
development of late neurologic deficit by decreasing
Table III. Incidence of neurologic deficit by artery and artery status
Intercostal Neurologic Ligated Occluded Reattached 
artery deficit (%) (%) (%) p
Early neurologic deficit
9 Yes                0 (0.0) 19 (10.9) 4 (5.0) 0.20
No 9 (100.0) 156 (89.1) 73 (95.0)
10 Yes                0 (0.0) 14 (9.1) 9 (8.7) 0.70
No 7 (100.0) 140 (90.9) 94 (91.3)
11 Yes 2 (33.3) 13 (9.6) 8 (6.6) 0.07
No 4 (66.7) 123 (90.4)                           114 (93.4)
12 Yes 2 (66.7) 14 (9.7) 7 (6.0) 0.001
No 1 (33.3) 131 (90.3) 109 (94.0)
Late neurologic deficit
9 Yes 2 (22.2) 5 (2.9) 3 (3.8) 0.01
No 7 (77.8) 170 (97.1) 77 (96.2)
10 Yes 2 (28.6) 3 (1.9) 5 (4.8) 0.001
No 5 (71.4) 151 (98.1) 98 (95.2)
11 Yes 1 (16.7) 2 (1.5) 7 (5.7) 0.05
No 5 (83.3) 134 (98.5)                           115 (94.3)
12 Yes                0 (0.0) 3 (2.1) 7 (6.0) 0.001
No 3 (100.0) 142 (97.9)                           109 (94.0)
Percentages are percent neurologic deficit for each type of artery status. p value is c2 for a 2 ´ 3 table.
Table IV. Multiple logistic regression model
Parameter Standard Adjusted 
Variable estimate error odds ratio 95% CI p
Intercept 0.0286 0.992 0.9970
TAAA II 1.4598 0.439 4.31 1.82 to 10.17 0.0009
Acute dissection 2.2200 0.694 9.20 2.36 to 35.91 0.0014
Adjunct –1.2035 0.447 0.30 0.13 to 0.72 0.0070
11 or 12 reattached –2.0989 0.944 0.12 0.02 to 0.78 0.0262
11 and 12 occluded –2.7382 0.993 0.07 0.01 to 0.45 0.0058
CI, Confidence interval; TAAA II, thoracoabdominal aortic aneurysm type II; 11 or 12 reattached, 11 or 12 reattached but neither lig-
ated; 11 and 12 occluded, 11 and 12 both occluded or atrophied.
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blood and cerebral spinal pressure and spinal cord
vulnerability in the days immediately after surgery.
Cerebrospinal fluid drainage and distal aortic perfu-
sion are important adjuncts that extend the toler-
ance of the spinal cord to ischemia as part of a mul-
timethod approach that also includes moderate
hypothermia that may lower the metabolic require-
ments of the spinal cord.
Although the relationship we report between
lower thoracic intercostal artery ligation and neuro-
logic deficit is statistically significant, it is based on
small numbers both of patients and events. Statistical
power because of the small sample size is not an issue
for the statistical significance of these particular tests.
However, statistical power may well be an issue in
our inability to identify other competing causes of
neurologic deficit. The possibility that the apparent
relationship is a result of some confounding variable
such as severity of illness cannot be ruled out on the
basis of our data. Other factors that led to both arte-
rial ligation and neurologic deficit may have been
active in determining outcome. Although the usual
suspects—age, aortic dissection, aneurysm extent,
and adjunct use—were less closely associated with
outcome than was artery management, some other
factor that we did not measure could be involved, or
power to detect these factors jointly with artery man-
agement may have been too low for us to find any-
thing. The search for other factors and the identifica-
tion of selection biases is an area for future research.
Special thanks to our editor, Amy Wirtz Newland.
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Dr. Gregorio A. Sicard (St. Louis, Mo.). The surgi-
cal replacement of thoracoabdominal aorta remains a for-
midable therapeutic challenge to vascular surgeons and,
more importantly, a cause of significant morbidity and
mortality risk to the patients. We have just heard a superb
presentation by Dr. Hazim Safi correlating targeted inter-
costal reimplantation to neurologic outcome. This contri-
bution to the unpredictable, and some surgeons would say
unpreventable, complication brings us closer to a thought-
ful, multimethod approach to the prevention of paraple-
gia. Intuitively, surgeons understand the importance of
revascularization of the primary blood supply to any
organ. The extensive collateralization and complex blood
supply of the spinal cord circulation makes complete revas-
cularization a technical challenge and has been thought to
be unwise by many surgeons. This makes the concept of
limited appropriate intercostal implantation an attractive
option.
Dr. Safi and colleagues have evaluated in a large per-
sonal experience the neurologic effect of reimplantation
versus ligation of what has been thought to be critical
intercostal vessels, those from T9 to T12. Sophisticated
analytical evaluation in this large number of patients adds
significant strength to their observations and conclusions.
I have several questions for Dr. Safi.
Because 80% of segmental spinal cord blood supply
arises from left-sided intercostal arteries, did the authors
note an effect on neurologic deficits if the right versus the
left intercostal areas were reimplanted at each critical seg-
ment?
The rate of neurologic deficit for type I thoracoab-
dominal aortic aneurysms in this series was surprisingly
low at 5.5%. Are adjuncts and reimplantation necessary for
these aneurysms? Why isn’t the preservation of T11 and
T12 intercostal arteries so important in type I aneurysms
when they’re compared with type II and, more impor-
tantly, to type III aneurysms?
Do the authors have any data demonstrating the
patency of reimplanted vessels on the type II and type III
thoracoabdominal aortic aneurysms in patients in whom
paraplegia develops? Were there neurologic deficits seen in
patients with reimplanted vessels as a result of thrombosis
of these vessels, or do the authors believe that there may
have been other explanations for the development of their
neurologic deficits?
Now, the reimplantation of intercostal arteries
requires extra time during aortic occlusion. Did this extra
time have a significant effect on renal function or on the
survival rate of these patients? Furthermore, the authors
have published previously the benefit of visceral vessel per-
fusion in the reduction of paraplegia. Was visceral perfu-
sion an important variable in this study?
Lastly, the paraplegia rate in the manuscript in patients
less than 66 years of age was less than 9%, whereas in those
patients older than 77 years the rate was twice that, 17%.
Do the authors have an explanation for this apparent sig-
nificant difference?
In summary, I thoroughly enjoyed reading this paper
and listening to a presentation from a group that have
been leaders in the field of thoracoabdominal aortic
aneurysm surgery. It is well-documented and analyzed
studies like this that will eventually lead to the best multi-
method approach in eliminating this dreaded complica-
tion.
Dr. Hazim J. Safi. Your first question was in regard
to reimplantation of left or right intercostal arteries.
Because we reimplant both, we didn’t see any difference.
We are not really brave enough to ligate the intercostal
arteries on the right. It would be an additional technical
challenge to do one side. You would have to use a size 10
or 12 Dacron tube graft as a side arm. So whether on the
left or the right, we reimplant any patent artery below T9.
With regard to your second question, the neurologic
deficit of patients with type I aneurysms, it is true that we
have not had a lot of events happening for patients with
type I aneurysms with or without the use of adjuncts.
Compared with a historical group, for example, Dr.
Crawford’s experience, however, there is a notable
decrease in the incidence of paraplegia for patients with
type I aneurysms. We feel strongly that distal aortic perfu-
sion and cerebrospinal fluid drainage, as well as reimplan-
tation of intercostal arteries, made the difference for
patients with type I aneurysms. Currently, we have more
than 100 patients with type I thoracoabdominal
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aneurysms and have had no immediate paraplegia. Each
incidence of paraplegia was delayed and happened after
the patient woke up. Because type I aneurysms are not
high-risk, we are going to concentrate on type II
aneurysms in analyzing future data.
As far as documenting the patency rate of reimplant-
ing intercostal arteries, I was not as convincing as my late
mentor, Dr. Crawford, and I could not convince my
patients to have a postoperative arteriogram. But on occa-
sions when we had to obtain an arteriogram for other rea-
sons (the number is small), almost 60% of intercostal arter-
ies were patent. We found that if we used a Dacron tube
graft, size 12, we could see the patency better than when
we reimplanted arteries directly. Currently, for T12 and
T11, I’m using a Dacron tube graft size 12 to reimplant
these arteries.
The time required for intercostal artery reimplantation
during the aortic occlusion is a very important question. In
1986, when we reviewed our 600 cases, we discovered that
reattachment of intercostal arteries was a risk factor in the
development of paraplegia, which I think stemmed from
the long time of ischemia to the spinal cord. Once the
spinal cord becomes ischemic, no matter what you do to it,
you are not going to improve the results by reimplanting
or not reimplanting the intercostal arteries. But with the
use of adjuncts, when our average time for doing the pro-
cedure was 50 minutes, we found that the incidence of
paraplegia did not increase. Actually, for the first time we
documented that reimplanting intercostal arteries is bene-
ficial as long as you have ample time to reattach the inter-
costal arteries, and with cerebrospinal fluid drainage and
the pump we extended the tolerance of the spinal cord to
ischemia from 30 minutes to about 60 minutes.
As far as visceral perfusion, I’m sorry we didn’t look
into that and its impact on paraplegia. That is a future pro-
ject.
The final question was about age as a risk factor. In
fact, in our study age was not found to be a risk factor for
the development of paraplegia. I think that looking into
the extent of the aneurysm is more important. Patients
above the age of 70 years may or may not have more type
II aneurysms, so you may or may not end up with a high-
er risk of paraplegia for this age group.
Dr. Larry H. Hollier (New York, N.Y.). I enjoyed
hearing your paper. I was intrigued to see that you also are
using a separate graft for the T11 and T12 intercostal
reimplantations. It just seems a lot safer and technically
easier at that level.
In the cases that I’ve done in which the patient had a
neurologic deficit, it seems that there has been one or
more of three factors that occurred: either the aorta had
disintegrated to such an extent that I didn’t feel that inter-
costal reimplantation was technically feasible; there was a
situation in which we found a prolonged ischemia time
that resulted from technical issues that came about that we
just didn’t get them reimplanted; and the third factor was
the thrombosis or other problems that occurred with the
hypogastric arteries. In one of the patients, on femoro-
femoral bypass grafting, during the midst of the procedure
the femorofemoral bypass flow suddenly stopped—a dis-
section had occurred retrograde in the iliac. One patient
had a deficit when we could not get spinal fluid drainage
done because of previous extensive laminectomies. But
these are the factors. The two I would like to specifically
have you address is the relative importance of a disinte-
grated aorta. Do you still try to reimplant intercostal arter-
ies anyway if it’s one of the mushy aortas with a lot of
atheromatous debris there? And what about the incidence
of neurologic deficit in relation to inadequate hypogastric
revascularization?
Dr. Safi. These are very good questions. I personally do
not implant intercostal arteries in two situations: in acute
aortic dissection or in heavily calcified aortas. Otherwise,
you will end up spending all day and night trying to reat-
tach these intercostal arteries.
You raise a very important question about the status of
the hypogastric or iliac artery attachment. In the small
number of cases in which I performed aortobifemoral
bypass procedures in addition to the repair of thoracoab-
dominal aortic aneurysms, I found a noticeable increase in
the incidence of paraplegia. I think pelvic circulation is an
important collateral for the spinal cord circulation. On
that point, I agree with you about the importance of pelvic
circulation.
Dr. G. Melville Williams (Baltimore, Md.). I just rise
to bring up again the issue of trying to take some of the
guesswork out of intercostal attachment by preoperative
aortography, trying to localize the artery of Adamkiewicz
or the great radicular artery. We have done, I wish I could
tell you exact numbers now, well over 100 of these inter-
costal angiograms. We have had two complications, one
patient with transient numbness that went away in about
10 minutes and a second patient who had atheroem-
bolism, which you would think might occur at virtually
every time trying to manipulate the descending thoracic
aorta in an area of an aneurysm. This was also self-limited.
We had no other complications at all from this procedure.
What we found speaks to the issue of paraplegia,
because the spinal cord blood supply in these particular
patients is quite variable. After all, if you have a fusiform
aneurysm with mural thrombus, you’re going to interfere
with the intercostal arteries a great deal. And so if you can-
nulate the ones that remain patent, you’re likely to find
whether they are supplying an important contribution to
the spinal cord. So I particularly advocate obtaining a flush
descending thoracic aortogram that localizes the inter-
costal arteries that are open, and then having your radiol-
ogist selectively catheterize these vessels.
Now, I speak to this because there have been four
patients out of our entire experience that I think had a
vitally important artery of Adamkiewicz. In this particular
instance this artery was very large. It arose as a direct
branch of an intercostal artery rather than coming off
some obscure collateral vessel and perfused the spinal cord
in both the cephalad and caudad direction. If this artery,
and one of these actually came from T7, was not put back
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into the circulation, I’m absolutely persuaded that your
patient would wake up with dense paraplegia.
So again, I just rise to make this point. I agree that if
you put in T11 and T12, which are probably the best pre-
served intercostal arteries, you’re probably collateralizing
the vast majority of intercostals, and this is a great deal
safer than ignoring all the intercostals.
Dr. Safi. I will wholeheartedly support you on that.
Unfortunately, Dr. Crawford could not convince our radi-
ologist. I am as successful as my mentor—our radiologists
refused to do it. They are worried about postaortograph-
ic neurologic deficit. This was despite reviewing the sup-
porting evidence in the surgical literature; they refused to
do it.
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